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199-1452 

METHOD AND APPARATUS FOR CONTROLLING THE SPEED OF AN 
ENGINE WITHIN A HYBRID ELECTRIC VEHICLE 



5 (1) . FIELD OF THE INVENTION 

This invention relates to a method and an apparatus 
for controlling the speed of an engine, and more 
particularly, to a method and an apparatus which controls 
the speed of an engine within a hybrid electric vehicle 

10 and which allows the size or capacity of the vehicle's 
motor /generator to be reduced. 
(2) . BACKGROUND OF THE INVENTION 

Hybrid electric vehicles ("HEVs") utilize both an 
internal combustion engine and one or more electric 

15 machines (e.g., motors/generators) to generate power and 
torque. The electric motor/generator ( s ) within a hybrid 
electric vehicle provides the vehicle with additional 
degrees of freedom in delivering the driver -demanded 
torque and may also be used to control the output speed 

20 of the engine. 

In one type of hybrid electric vehicle, commonly 
referred to as a "power split" type hybrid electric 
vehicle, the electric generator and the internal 
combustion engine are interconnected by use of a 

25 planetary gear set, and the electric generator 
selectively provides a reaction torque which may be used 
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to control (e.g., to reduce and/or augment) the speed of 
the vehicle's engine. In this manner, the generator is 
used to control the speed of the engine and cooperates 
with the planetary gear set and a traction motor to 

5 provide a continuous variable transmission ("CVT") 
effect. One drawback associated with this type of hybrid 
electric vehicle, arises from the limited amount of 
reaction torque which can be provided by the 
motor/generator . 

10 Particularly, because the amount of torque produced 

by a typical internal combustion engine is relatively 
high, the reaction torque required to control the speed 
and/or output of the engine also must be relatively high. 
This presents a problem under certain vehicle operating 

15 conditions (e.g., high speed operating conditions), as 
the motor/generator is not always able to deliver the 
reaction torque desired or needed to control or slow the 
speed of the vehicle's engine. For example and without 
limitation, the graph 200 of Figure 3 illustrates the 

20 performance of a typical hybrid electric vehicle 
generator over a range of speeds. In order to provide 
the relatively high reaction torque needed to control the 
speed/output of the engine, the size and capacity of the 
motor/generator used within the vehicle is typically 

25 increased, thereby undesirably adding to the vehicle's 
weight, expense, and the packaging space required to 



2 



house the motor/generator. Alternatively, the capacity 
or output of the vehicle's engine may be decreased to 
allow the motor/generator to control the engine . 
However, decreasing the size of the engine undesirably 

5 results in a decrease of the overall power output of the 
hybrid electric vehicle. 

There is therefore a need for a method and an 
apparatus for controlling the speed of an engine within a 
hybrid electric vehicle, which allows the size of the 

10 vehicle's motor/generator to be desirably reduced, or 
conversely, which allows the size of the vehicle's engine 
to be increased. 

SUMMARY OF THE INVENTION 

It is a first object of the invention to provide a 
15 method and an apparatus for controlling the speed of an 
engine within a hybrid electric vehicle which overcomes 
at least some of the previously delineated drawbacks of 
prior methods and apparatuses. 

It is a second object of the invention to provide a 
20 method and an apparatus for controlling the speed of an 
engine within a hybrid electric vehicle which allows the 
size of the vehicle's motor /generator to be desirably 
reduced. 

It is a third object of the invention to provide a 
25 method and an apparatus which utilizes a clutch or brake 
assembly to control the speed of an engine within a 



hybrid electric vehicle. 

According to a first aspect of the present 
invention, a hybrid electric vehicle is provided. The 
vehicle includes an engine having an output shaft which 

5 rotates at a first speed; a generator which is coupled to 
the engine by use of a planetary gear set and which 
selectively produces a reaction torque, effective to 
control the first speed; and a clutch assembly which is 
selectively coupled to the generator and which is 

10 effective to selectively augment the reaction torque, 
thereby cooperating with the generator to control the 
first speed. 

According to a second aspect of the present 
invention, a method is provided for controlling the speed 

15 of an engine within a hybrid electric vehicle which 
includes a generator having a rotor assembly which is 
operatively coupled to the engine. The method includes 
the steps of : selectively activating the generator 
effective to produce a negative toque which lowers the 

20 speed of the engine; and selectively and frictionally 
engaging the rotor assembly effective to further lower 
the speed of the engine . 

These and other features, aspects, and advantages of 
the invention will become apparent by reading the 

25 following specification and by reference to the following 
drawings . 
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BRIEF DESCRIPTION O F THE DRAWINGS 

Figure 1 is a sectional view of a "power split" 
hybrid electric vehicle drive system which is made in 
accordance with the teachings of a preferred embodiment 
5 of the present invention. 

Figure 2 illustrates one non-limiting example of a 
clutch control strategy utilized by the drive system 
shown in Figure 1 . 

Figure 3 is a graph illustrating the performance of 
10 a typical generator over a range of speeds. 

DETAILED DESCRIPTION OF THE PRE FERRED EMBODIMENT OF 
THE INVENTION 

Referring now to Figure 1, there is shown a hybrid 
electric vehicle transaxle or drive system 10 which is 

15 made in accordance with the teachings of the preferred 
embodiment of the present invention. As should be 
appreciated to those of ordinary skill in the art, drive 
system 10 is a "split-type" propulsion system, which 
combines the functions of both series and parallel hybrid 

20 systems, and which includes an internal combustion engine 
12, an electric generator/motor 14, and an electric 
traction motor 16. 

The engine 12 and generator 14 are interconnected by 
use of a conventional planetary gear set 20, including a 

25 carrier 22, a sun gear 24 and a ring gear 26. System 10 
further includes a conventional flywheel and damper 
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assembly 18, conventional one-way clutch 3 0 which 
selectively and operatively engages the output shaft 32 
of engine 12, and a brake or clutch assembly 34 which 
selectively and operatively engages the rotor 15 of 
5 generator 14 . 

A conventional electrical energy storage device 36 
(e.g., one or more batteries or other charge storage 
devices) is operatively coupled to generator 14 and to 
motor 16. Battery 36 receives and provides power from/to 

10 generator 14 and motor 16. 

In the preferred embodiment of the invention, the 
engine 12 is a conventional internal combustion engine, 
which driveably rotates shaft 32 which is operatively 
coupled to the carrier 22 of the planetary gear set 20. 

15 Generator 14 is a conventional motor/generator including 
a stator assembly 17 and a rotor assembly 15, which is 
physically and operatively coupled to the sun gear 24 of 
the planetary gear set 20. Planetary gear set 20 allows 
engine 12 and generator 14 to cooperate as a "single 

20 power source" which provides a single power or torque 
output from the ring gear 26 of the planetary gear set 2 0 
to the drive line 28. It should be appreciated that 
planetary gear set 20 further serves as a power split 
device that splits the output from engine 12 to the 

25 generator 14 and to the drive line 28. Generator 14 
selectively provides a negative reaction torque to the 
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engine -produced torque, thereby controlling the engine 
speed. Generator 14 further converts drive train energy 
into electrical energy (e.g., during regenerative 
braking) which is stored within battery 3 6 and which can 
5 be used to electrically power motor 16 and various other 
electrical components of the vehicle. 

The electric motor 16 is a conventional electric 
motor which acts as a "second power source" that provides 
torque and power to the vehicle's drive line 28 

10 independently from the first power source (i.e., engine 
12 and generator 14) . In this manner, the two power 
sources (i.e., the internal combustion engine and 
generator and the electric motor) cooperatively deliver 
torque and power to the vehicle simultaneously and 

15 independently. 

In the preferred embodiment of the invention, brake 
or clutch assembly 34 is a conventional hydraulically 
operated clutch assembly. In other alternate 

embodiments, clutch assembly 34 may comprise any other 

20 type of selectively engageable braking or clutch 
assembly. A conventional source of pressurized hydraulic 
fluid 4 0 is communicatively coupled to a drum or housing 
portion 42 of transaxle 10 or clutch assembly 34, by use 
of a conventional path, tube or conduit 44. A variable 

25 solenoid valve 46, which is operatively disposed along 
conduit 44, and selectively controls the flow of 



pressurized hydraulic fluid into clutch or brake assembly 
34. Particularly, variable solenoid valve 46 is 

communicatively coupled to and is selectively controlled 
by controller 68. In other alternate embodiments, valve 
5 46 is controlled by other controllers such as the vehicle 
system controller 64 or the engine controller 66. 

Clutch assembly 34 includes a generally ring shaped 
piston or member 72 which is retained within an annular 
groove or chamber 74 which is integrally formed within 

10 drum portion 42. Piston 72 is further operatively 
coupled to a conventional return spring or member 76. 
Piston member 72 is selectively movable within groove 74 
(e.g., in the directions illustrated by arrows 78, 79). 
Clutch assembly 34 further includes three generally ring- 

15 shaped "friction" plates 80, 82 and 84, which are fixedly 
mounted to drum portion 42, and two generally ring-shaped 
"divider" plates 86, 8 8 which are fixedly coupled to 
rotor 15, and more particularly to hub portion 90 of 
rotor 15 . Drum portion 42 is operatively coupled to or 

20 is integrally formed with the transaxle housing 94 and is 
thus rotationally stationary (i.e., portion 42 does not 
rotate) . Hub portion 90 is operatively coupled to the 
rotor 15 of generator 14 and spins at a rate or speed 
provided by the rotor 15. Plates 80 and 84 each 

25 respectively includes an "inner" frictional surface 
(e.g., a frictional coating) which respectively engages 



plates 86 and 88, and plate 82 includes two frictional 
surfaces which engage plates 86 and 88. When pressurized 
fluid is introduced into groove 74, piston 72 is 
effective to move in the direction illustrated by arrow 
5 78 and to engage plate 80, thereby compressing plates 80 
- 88 and causing the rotation of rotor 15 to be "slowed" 
or stopped. Portion 42 includes a check valve 96 which 
allows fluid to be expelled from groove or chamber 74 
when valve 4 6 is closed. In the preferred embodiment, 
10 cooling fluid is passed through plates 80 - 88 in a 
conventional manner, thereby preventing heat damage to 
the plates. 

In the preferred embodiment of the invention, a 
central control system or vehicle control unit ( "VCU" ) 64 

15 is electrically and communicatively coupled to 
conventional user or driver operated controls or 
components 62 and to one or more conventional vehicle 
operating condition sensors 63 . Controller 64 receives 
signals and/or commands generated by driver inputs 62 and 

20 vehicle operating condition sensors 63 (e.g., gear 
selection, accelerator position, and braking effort 
commands) , and processes and utilizes the received 
signals to determine the amount of torque which is to be 
provided to the vehicle's drive train 28, to estimate the 

25 state-of -charge of batteries 36. Controller 64 then 
generates commands to the appropriate subsystems or 



controllers 66, 68 and 70 which selectively provide the 
desired torque to the drive train 28. Particularly, 
controller 64 determines the total amount of torque which 
is to be provided or delivered to drive train 28 and 
5 partitions or divides the torque among the various 
subsystems . 

In the preferred embodiment, each controller 64 - 
70 includes one or more microprocessors and/or integrated 
circuits which cooperatively control the operation of 

10 propulsion system 12. In the preferred embodiment, 
controller 64 comprises a conventional engine control 
unit or "ECU", controller 66 comprises a conventional 
generator/motor controller or " GMC " , and controller 70 
comprises a traction motor controller or "TMC" . 

15 Controllers 64 - 70 may each comprise a separate 
controller or may be embodied within a single controller, 
chip, microprocessor or device. 

In operation, controller 64 receives commands, data, 
and/or signals from driver operated controls 62 and from 

20 vehicle sensors 63. Based upon this received data, 
controller 64 calculates or determines the overall amount 
of torque which is being demanded or requested by the 
driver/user of the vehicle. Upon determining the desired 
or demanded torque, controller 64 communicates control 

25 signals to controllers 66, 68 and 70, effective to cause 
engine 12, generator 14 and motor 16 to cooperatively 



provide the demanded torque to drive train 28. 
Controller 64 further monitors the speed of engine 12 and 
selectively and controllably activates generator 14 and 
clutch assembly 34 to hold or maintain the speed of 
5 engine 12 at a desired level, range or value. This may 
be done in addition to, or in lieu of, the torque 
produced by the generator motor production of 
electricity. 

Referring now to Figure 2, there is shown an engine 

10 speed control strategy 100 which is utilized by 
controller 64. As shown in functional block or step 102, 
controller 64 monitors the speed of the engine 12 and 
other vehicle operating conditions by the use of sensors 
63. In the preferred embodiment of the invention, 

15 controller 64 monitors the position of the vehicle's 
acceleration pedal and estimates the state-of -charge of 
batteries 36. In functional block or step 104, 

controller 64 compares the measured vehicle speed to a 
predetermined threshold value which is stored within 

20 controller 64 . Also in the preferred embodiment of the 
invention, the threshold speed value is a dynamic 
threshold value which depends upon or is a function of 
the position of the accelerator pedal and the estimated 
state-of -charge of batteries 36. Particularly, in the 

25 preferred embodiment of the invention, the threshold 
speed value is lower when the batteries 3 6 are at or near 
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their charging capacities, and when the accelerator pedal 
is not depressed. In other non- limiting embodiments, 
controller 64 may perform additional or different 
comparisons in step 104 to determine whether to proceed 
5 to functional block or step 106. 

If the threshold in step 104 has not been exceeded, 
controller 64 returns to step 102 and continues to 
monitor the engine speed and other vehicle operating 
conditions. If the threshold in step 104 has been 

10 exceeded, controller 64 determines that the speed of 
engine 12 should be reduced in order to prevent damage to 
generator 14 and/or batteries 36 and proceeds to 
functional block or step 106. 

Because closing the throttle of engine 12 reduces 

15 the efficiency of engine 12 and reduces the quality and 
smoothness of the vehicle's ride, controller 64 utilizes 
the generator 14 to lower the speed of engine 12 in 
functional block or step 106. Particularly, controller 
64 generates a signal to generator controller 68, 

20 effective to cause controller 68 to operate the generator 
14 as a motor to provide a "negative" reaction torque 
(i.e., a torque in the direction opposite to the 
direction of rotation of engine output shaft 32), thereby 
controlling and/or slowing the speed of engine 12 . In 

25 functional block or step 108, controller 64 and/or 68 
determine whether the capacity of the generator 14 has 
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been exceeded (e.g., whether the generator 14 is 
sufficient on its own to slow or hold the speed of engine 
12 below the threshold value) . If the capacity of 
generator 14 has not been exceeded (e.g., the threshold 
5 value has not been exceeded) , controller 64 returns to 
step 106 and continues to utilize only generator 14 to 
control the speed of engine 12 . When controller 64 
and/or controller 68 determines that the generator- 
provided reaction torque is no longer sufficient to 

10 control the speed of the engine 12 (e.g., the threshold 
value has been exceeded) , controller 64 proceeds to 
functional block or step 110. In step 110, controller 64 
generates a signal to controller 68 effective to 
selectively engage clutch or brake assembly 34, in order 

15 to slow the rotation of rotor 15 and augment the negative 
torque provided by generator 14 . 

Particularly, in step 110, controller 68 generates a 
signal to variable solenoid valve 46, effective to open 
the valve 4 6 to a certain extent or amount, which may be 

20 a function of (e.g., proportional to) the additional 
negative torque required to hold the speed of engine 12 
at a certain level or value. Once valve 46 is opened, 
pressurized hydraulic fluid flows through conduit 44 into 
chamber or groove 74. The pressure of the provided fluid 

25 causes pressure to "build" or increase behind piston 72. 
As the pressure of the hydraulic fluid "builds" or 



increases within groove 74, piston 72 moves in the 
direction illustrated by arrow 78. 

As piston 72 moves in the direction of arrow 78, 
spring 76 is compressed or retracted and piston 72 is 

5 forced against plate 80. The force provided by piston 72 
is effective to compress and/or frictionally engage 
plates 8 0 - 88, thereby slowing the speed of rotor 15 and 
engine 12. When valve 46 is closed, return spring 76 
moves piston 72 in the direction of arrow 79, effective 

10 to return piston 72 to its original position, thereby 
disengaging plates 80 - 88. 

By controlling the opening of variable solenoid 
valve 46 in a modulated manner and for relatively brief 
periods of time, controller 68 is able to control the 

15 pressure within chamber 74, thereby providing the 
additional torque necessary to hold engine 12 at a 
desired speed. In this manner, clutch assembly 34 is 
able to provide more or less negative torque based upon 
the speed or desired speed of engine 12 . By using clutch 

20 assembly 34 in a modulated manner, vehicle drive system 
10 is able to prevent damage to generator 14 and 
batteries 36. Additionally, because the present 

invention utilizes clutch assembly 34 to augment the 
reaction torque of generator 14, the size of generator 14 

25 can be desirably reduced relative to prior systems or 
alternatively the size of engine 12 can be desirably 



increased. 

It is understood that the invention is not limited 
by the exact construction or method illustrated and 
described above, but that various changes and/or 
modifications may be made without departing from the 
spirit and/or the scope of the inventions. 
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WHAT IS CLAIMED IS: 

(1) A hybrid electric vehicle drive system comprising: 
an engine having an output shaft which rotates at a 

first speed; 

5 a generator which is operatively coupled to said 

engine which selectively produces a reaction torque, 

effective to control said first speed; and 

a clutch assembly which is selectively coupled to 

said generator and which is effective to selectively 
10 augment said reaction torque, thereby cooperating with 

said generator to control said first speed. 

(2) The drive system of claim 1 further comprising: 

a controller which is communicatively coupled to 
said generator, to said engine, and to said clutch 

15 assembly, said controller being effective to determine an 
amount of reaction torque required to control said first 
speed, and based upon said amount of reaction torque, to 
cause said generator and said clutch assembly to 
cooperatively provide said reaction torque. 

20 (3) The drive system of claim 2 wherein said clutch 
assembly is communicatively coupled to a source of 
pressurized fluid by use of a selectively actuatable 
valve assembly, and wherein said controller is effective 
to selectively actuate said valve assembly, thereby 

25 controlling said reaction torque. 

(4) The drive system of claim 3 wherein said valve 
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assembly comprises a variable solenoid valve. 

(5) The drive system of claim 1 wherein said generator 
is coupled to said engine by use of a planetary gear set. 

(6) The drive system of claim 5 further comprising a 
5 motor which cooperates with said generator and said 

engine to power said drive system. 

(7) The drive system of claim 6 wherein said motor, said 
engine, and said generator are arranged in a power- split 
type configuration. 

10 (8) An apparatus for use within a hybrid electric 
vehicle including an engine which operates at a first 
speed, said apparatus being effective to control said 
first speed and comprising: 

a generator including a stator assembly and a rotor 

15 assembly which is operatively coupled to said engine, 
said generator being effective to selectively provide a 
first torque through said rotor assembly, said torque 
being effective to control said first speed; and 

a clutch assembly which selectively engages said 

20 rotor assembly effective to provide a second torque 
through said rotor assembly, said second torque being 
effective to augment said first torque, thereby further 
controlling said first speed. 

(9) The apparatus of claim 8 wherein said clutch 
25 assembly includes a drum portion, a plurality of first 
plates which are coupled to said drum portion, a 
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plurality of second plates which are coupled to said 
generator, and a piston which is effective to selectively 
compress said plurality of first and second plates, 
thereby providing said second torque. 

(10) The apparatus of claim 9 further comprising: 

a sensor which measures said first speed and which 
generates a first signal based upon said measured first 
speed; and 

a controller which is communicatively coupled to 
said sensor, to said generator and to said clutch 
assembly, said controller being effective to receive said 
first signal and, based upon said first signal, to 
selectively cause said generator to provide said first 
torque . 

(11) The apparatus of claim 10 wherein said controller is 
further effective to compare said first signal to a 
threshold value and if said first signal exceeds said 
threshold value to selectively cause said clutch assembly 
to provide said second torque. 

(12) The apparatus of claim 8 wherein said clutch 
assembly comprises a hydraulic clutch assembly. 

(13) The apparatus of claim 8 wherein said engine and 
said generator are operatively coupled by use of a 
planetary gear set . 

(14) A method for controlling the speed of an engine 
within a hybrid electric vehicle including a generator 



having a rotor assembly which is operatively coupled to 
said engine, said method comprising the steps of: 

selectively activating said generator effective to 
produce a negative toque which lowers said speed of said 
5 engine; and 

selectively and frictionally engaging said rotor 
assembly effective to further lower said speed of said 
engine . 

(15) The method of claim 14 further comprising the steps 
10 Of : 

monitoring said speed; 

comparing said measured speed to a first threshold 
value; and 

selectively activating said generator if said 
15 measured speed exceeds said threshold value effective to 
cause said speed to remain below said threshold value. 

(16) The method of claim 15 wherein said generator has a 
capacity, said method further comprising the steps of: 

determining whether said capacity has been exceeded; 

20 and 

selectively and frictionally engaging said rotor 
assembly if said capacity has been exceeded, thereby 
causing said speed to remain below said threshold value. 

(17) The method of claim 16 wherein said rotor assembly 
25 is selectively and frictionally engaged by use of a brake 

assembly. 



(18) The method of claim 16 wherein said rotor assembly 
is selectively and frictionally engaged by use of a 
clutch assembly. 

(19) The method of claim 16 wherein said engine and said 
rotor assembly are operatively interconnected by use of a 
planetary gear set. 
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ABSTRACT OF THE DISCLOSURE 

A hybrid electric vehicle drive system or transaxle 
10 including an internal combustion engine 12, a 

5 generator/motor 14 which is coupled to engine 12 by use 
of a planetary gear set 20, and an electric motor 16. 
Drive system 10 includes a brake or clutch assembly 34 
which is operatively and selectively coupled to a 
generator/motor 14 and is effective to supplement the 

10 generator-produced reaction torque, thereby cooperating 
with the generator/motor 14 to control the speed of 
engine 12 . 
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